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FINAL TECHNICAL REPORT
U.S. ARMY RESEARCH OFFICE

*TERCOLATION AND LOW DENSITY MATERIALS: THEORY AND APPLICATIONS

W. Klain S. Redner H. E. Stanley

Center for Polymer Studies _
Boston University, Boaton, MA 02218

ABSTRACT

W~ have focussed attention on the many applications of percolation to low density materials
of practical concern. To make progress, we have developsd new concepts—such as directed
percolation—and new mathematical analysis techniques—such as renormalization group.

Two articles were among the 100 most-cited articles of the yeur,
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Part I: Renormalisation Group
A principal component of the ARO contract has been the development of the renormal-

‘ization group, with specific emphasis on applications to percolation and random materials.
Our main accomplishment is summarized in a series of several papers. One of these was
identified by the Scsence Citation Indez as being among the 100 most-cited physics papers
Idu‘ring 1980-1981.! This paper dealt with the problem of how the Wilson renormalization
group could be applied to random systems in a fashion that yielded specific numbers that.
could be compared with real systems. The approach developed rests on the essential idea
_of percolation, that elements must connect across a macroscopic distance.
This approach was extended to continuum percolation shortly thereafter,? confirming

that results first obtained for lattice systems also hold when there is no lattice.

Other random systems, like linear and branched polymers, were found to be madg
tractable by the suitable modifications of our original approach.® Eventually the researchers
involved in this project were invited to summarize both the fundamental method and it
many applications in a review article which appeared as a chapter in a book on renormal-
ization group.* ' | :

More recently, considerable emphasis has been placed on electrical and mechanical
breakdown phenomena. It has come to be appreciated that a wide range of such phenom-
ena can be described by the Witten-Sander model of DIFFUSION LIMITED AGGREGA-
TION (DLA). The problem with studying DLA is that many of the traditional methods
of investigation will not work. In particular, there was originally no renormalization group
approaéh that gave realistic approximations to the actual properties of DLA. Accordingly,
an effort was initiated along these lines under the auspices of this ARO contract.

The resuiting paper, published in 1983, was recently identifled by Science Citation
Indez as being among the 100 most-cited physics papers during 1983-1984.

In summary, the ARO contract contributed in a substantial way to a very active seg-
ment of research into the nature of random materials. This research was widely recoguized
by the scientific comrunity, as evidenced by two of the papers having appeared on the
lists of most-cited physics papers compiled by the Science Citation Indez.

References:
1. P.J. Reynolds, H. E. Stanley and W. Klein “A large-cell Monte Carlo renormalization
group for Percolation” Physical Review B 21, 1223-1245 (1980).

2. E. T. Gawlinski and S. Redner, “Monte-Carlo renormalization group for continuum
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percolation with excluded-volume interactions” J. Phys. A 16, 1063-1071 (1983).

3. S. Redner and P. J. Reynolds, “Single-scaling-field approach for an isolated polymer

chain” J. Phys. A Lett. 14, L55-61 (1981); F. Family, “Real-space renormalization-
group approach for linear and branched polymers” Journal of Physics A 13, L325-33
(1980).

4. H.E. Stanley, P. J. Reynoids, S. Redner and F. Family, " Position-space renormaliza-
tion group for models of linear polymers, branched polymers, and gels” In Real-Space
Renormalization (eds T. W. Burkhardt and J. M. J. van Leeuwen), Springer-Verlag,

Heidelberg, 1982, pp. 171-208.
5. H. Gould, F. Family and H. E. Stanley, “Kinetics of formation of ra.ndomly branched

aggregates” Phys. Rev. Lett. 50, 686-6389 (1983).
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Part II: Directed Percolation

Directed percolation is a generalization of the percolation problem in which a lattice
may be randomly occupied by one-way bonds (diodes) instead of the two-way bonds (resis-
tors) of the classical model.!:? There are several compelling physical reasons to investigate
models of this type. For example, in strong-field hopping conduction processes, electrons

- are extremely unlikely to hop between impurity sites against the sense of the external elec-

tric fleld. This situation can be conveniently modelled by a random electrical network in

which the sites are connected by diodes.? In addition, the temporal evolution of a number

of simple chemical systems (described by Schisgl models) in d space dimensions, can be

viewed as a directed percolation process in d + 1 dimensions, in which the bias direction

in the diode network plays the role of a time axia. 4
In directed percolation, the nhent feature is the existence of a global orientational
constraint on all the diodel.‘ For such a model, we have obtained a number of noteworthy
results.58 Fmt, the percolation transition is fundamentally anisotropic in nature, in which
two independent diverging correlation lengths, are needed to describe the geometry of
the network near the percolation threshold. One length describes the mean extension of
clusters along the bias, while the second describes the transveérse spread of the clusters.
Corresponding to the anisotropic nature of tha percolation transition, we have st.own that
the upper critical dimension, d., for directed percolation equals 5, in contrast to d. = 6 in
isotropic percolation. We have also developed an anisotropic version of finite-size scaling”
that has proved to be a powerful method for treating the geometrical features of direzted
systems.
We have also performed analog experiments® and numerical simulations” for the con-
' ductivity in directed peorcolation. From the experiments, we have elucidated the rather
dramatic effect that the directionality constraint imposes on the current-carrying paths.
Due to the very non-local topological nature of the conduction pathways, disconnecting
just one bond in the network leads to surprisingly large perturbations at the network level.

We have shown how to exploit this extreme correlation between the geometry of the net- -

~ work and the current flowing through it in order to obtain excellent quantitative estimates

for the critical behavior of directed conductivity, with experiments and simulations of a

relatively modest scale.
We have also introduced a much more general and rich model in which the orientation

of the diodes may be random.?!® Such a model represents a logical extension of bond
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percolation to incorporate degrees of freedom of an orientational nature. Ws have derived
both exact duality reiations, and exact topological relations that have facilitated a complete
investigation of the percolation phenomena in this general network. As an example, we have
unravelled the mysteries of “random Manhattan”, a fully-occupied square lattice in which
each bond is a randomly-oriented cne-way path. We have demonstrated that this system
is precisely at its percolation threshold, and that many of the geometric features of this
network can be described exactly. There are a proliferation of new percolation transitions
aasociated with this very gencral model, which are mediated by either concentration or
orientational driving fleids. The former influence underlies the conventional percolation
transition, but the latter gives rise to rich multiczitical behavior which we have elucidated
in a complete fashion through the use of renormalization-group techniques.
References : :

! S. Redner in Annals of the Israel Physical Society Vol. 5 Eds. G. Deutacher, R. Zallen,

and J. Adler (Adam-Hilger, Bristol) (1985).

7 W. Kinsel, sbid. ‘ | |
N. Van Lien and B. 1 Shklovskii, Sol. 3t. Comm. 38, 99 (1981).
F. Schicgl, Z. Phys. 383, 14 1972).
S. Redner, Phys. Rev. B 34, 3242 (1982).
W. Klein and W. Kinzel, J. Phys. A 14, 1405 (1981).
S. Redner and P. Mueller, Phys. Rev. B 26, 5203, (1982).
S. Redner and J. Brooks, J. Phys. A 185, L605 (1982).
9 S. Redner, J. Phys. A 14, L349 (1981).
10 S. Redner, J. Phyr. A 18, L6885 (1982).
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Part ITI: Clusters and Nucleation , .

One of the most interesting results to come out of percolation studies is the ability to
characterize thermal systems in terms of percolation models.This has led to an increased
understanding of critical phenomena as well as a significant advance in our understanding
of metastability and nucleation.

Specifically we have shown for magnatic mtems and fluids that critical points can
be mapped onto percolation transitions! This al'lows us to give a geometric definition to
critical fluctuations which for example allows us to assign to them a fractal dimension.

In a related development we have investigated metastable systems undergoing deep
queaches. This is accomplished with systems in which particles interact with long range
potentizls.? Such systems are quite important in several materials applications since various
lead alloys, Hydrogen in metals and systems with dipolar forces(most notably water) belong
" to this catagory. We found that classical nucleation theory as formulated by Becker and
Doering is not valid in such deep quenches. The proper characterization of the nucleating
droplet is in terms of percolation clusters.3~® The percolstion models which are essential
for the description of the nm:leatih; droplet were developed wiyh ARO support. -

© Research projects which will be of practical importance to the ARO that will use these
developments are at present focussing on the application of these concepts to heterogeneous -
nucleation in cloud and fog formation and cloud seedmg ,

We have also made some progress in understanding the modification of the nucleation
process in super conled liquids and have found that the spinodal which exists in liquids
with long n.ﬁge potentiala® and also in infinite dimensions” also significantly changes® the
- nucleation process from what one expects from the classical theory.?

1. A. Coniglio and W. Klein, J. Phys. A 183, 2775 (1980).

2. D. W. Heermann, W. Klein and D. Stauffer, Phys. Rev. Lett. 49, 1262 (1982).
3. D.W. Heermann and W. Klein, Phys. Rev. Lett. 50, 1062 (1983).

4. W. Klein and C. Unger, Phys. Rev. B 28, 445 (1983).

5. C. Unger and W. Klein, Phys. Rev. B 29, 2698 (1984).

8. N. Grewe and W. Klein, J. Math. Phys. 18, 1720 (1977) and 18, 1735 (1977).
7. W. Klein and H. L. Frisch, J. Chem. Phys. 84, 968.(1986).

8. W. Klein and F. Leyvraz (ia preparation).

9. A.D. J. Haymet and D. W. Oxtoby, J. Chem. Phys. 84, 1769 (1586).
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R. Bansil, I. Wiafe-Akenten, J. Taaffe, "Raman spectrnscopy of
supercooled water” I, Chem. Phys. 76, 2221-6 (1982).

R. Bansil, J, Wiafe-Akenten and S. Rrishnamurthy, "Laser Raman
spectroscopy of supercooled water” to appear in Proc. of Conf. on Lasers
as Reactants and Probes in Chemistry (Howard University Press, Washington
D.C., 1982)

A. C. Brown, "Critical properties of an altered Ising model' Phys. Rev. B
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76.
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*78.
79.

*80.
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*82.
83.

*84.

8s.

8§.

87..
*88.
9.
89a.
*90.

91.

25, 331-336 (1982).

A. C. Brown, C. Unger and W. Klein, "Dynamics of superccoled fluids" Z.
Phys. B 48, 1-4 (1987). :

A. Coniglio, "Cluster structure near the percolation threshold”" J. Phys.
A 15, 3829-3844 (1982).

A. Coniglio and F. Peruggi, '"Clusters and droplets in the gq~state Potts
model"” J. Phys. Al5, 1873-1883 (1982).

A. Coniglio, H. E. Stanley, and W. Klein, "Solvent effects on polymer
gels: A statistical mechanical model' Phys. Rev. B 25, 6805-6821 (1982).

A. Coniglio and R. K. P. 2Zia, "Analysis of the Migdal-Kadanoff
renormalization group approach to the dilute s~state Potts model. An
alternative .cheme for the psrcolation (s~-->1) limit" J. Phys. A 15,
L399-L405 (1982). '

A. Coniglio, F. di Liberto, G. Monroy and F. Peruggi, "Clusters and Ising
droplets in the antiferromagnetic lattice gas" Phys. Lett. 87A, 189-192
(1982). ,

Z. V. Djordjevic, H. E. Stanley and A. Margolina, "Site porcéla:ion
threshold for honeycomd and square lattices” J. Phys. A 15, L405-L412
(1982).

A. Geiger and H. E. Stanley, "Low—density patches in the hydrogen—-bonded
network of liquid water: Evidence from molecular dynamics computer
simulations” Phys. Rev. Lett. 49, 1749-1752 (1982).

A. Geiger and H. E. Stanley, "Tests of universality of percolation
exponents for a 3-dimensional continuum system of interacting waterlike
particles" Phys. Rev. Lett. 49, 1895-1898 (1982).

D. W. Heermann, "Classical nucleation theory with a Tolman correction" J.
Stat. Phys. 29, 631-640 (1982).

D. W. Heermann, W. Klein and D. Stauffer, "Spinodals in a medium—range
interacticn systes" Phys. Rev. Lett. 49, 1262-1264 (1982).

H. J. Herrmann, D. P. Landau and D. Stauffer, 'New universality class for
kinetic gelation' Phys. Rev. Lett., 49, 412-415 (1982).

N. Jan, A. Coriglio, and D. Stauffer, '"Study of droplets for correlated
site-bond perco.ation in two dimensions” J. Phys. A 15, L699-L704 (1982).

N. Jan and D. Stauffer, "Test of universality for Ising-correlated site
percolation" J. Phys. A 15, L705-L711 (1982).

N. Jan and D. Stauffer, "Determination of the nonlinear relaxation
exponent: A Monte Carlo Study” Phys. Lett. 93A, 39-40 (1982).

W. Klein, "Comment on an exactly soluble anisotropic percolation model"”
J. Phys. A 15, 1759-1763 (1982).

W. Klein, "The mean field theory of freezing and spinodals"” in Physics
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*92.

*93.

94.

95.

*96.
*97.
*98,
*99,

*100

*101

*102

*103

*104

*105

*106

*107

as Natural Philosophy: Festschrift in honor of Laszlo Tisza (eds A.
Shimony and H. Feshbach), MIT Press, 1982, PP " 88-102.

W. Klein, "Potts model formulation of continuum percolation" Phys. Rev. B
26, 2677-2678 (1982).

A. Margolina, H. J. Herrmann and D. Stauffer, "Size of largest and
second-largest clustcr in random percolation” Phys. Lett. 49A, 73-75
(1982). ‘ ’

H. Nakanishi and S. Redner, "A scaling picture of a single polymer in the
dense phase" Phys. Lett. 88A, 67-69 (1982).

I. Ono and K. Ito, "Monte Carlo simulations and pair approximations on
the phase transition of the restricted orientational lAttxce nodol for
liquid crystals" J. Phys. C 15 4417-4430 (1982).

S. Redner, "Directed and diode percolation" Phys. Rev. B 25, 3242-3250
(1982).

S. Redner, "Cohductivity of random resistor-diode networks" Phys. Rev. B

25, 5646-5655 (1982).

S. Roﬁncr, "A Fortran program for cluster enumeration” J. Stat. Phys. 29,
309-315 (1982). '

S. Redner, "Exact exponent relations for rnndo- resistor-diode networks"
J. Phys. A 15, L685-L690 (1982).

S. Redner and J. S. Brooks, "Analogue experiments and computer
simulations for directed conductivity” J. Phys. A Lett. 15, L605-L610
(1982) .

S. Redner and A. Coniglio, "Flory theory for directed lattice animals and
directed percolation” J. Phys. A 15, L273-1278 (1982).

S. Redner and P. R. Mueller, "Conductivity in 3 random directed diode
network near the percolation threshold" Phys. Rev. B 26, 5293-5295
(1982).

S. Redner and Z. R. Yang, "Size and shape of directed lattice animals"”
J. Phys. A 15, L177-87 (1982).

J. Roussenq, A. Coniglio and D. Stauffer, "SlLudy of droplets for
correlated site~bond percolation in three dxuonlzons" J. Phys. (Paris)
43, L703-L709 (1982).

D. Shalitin, "Relations Letween site parcolation thresholdx“ J. Stat.
Phys. 28, 99 (1982).

H., E. Stanley, "Geomelric analogs of phase transitions"” in Physics as
Natural Philosophy: Festschrift in honor of Laszlo Tisza (eds A.
Shimony and H. Feshbach), MIT P'ass, 1982, pp 65-87.

H. E. Stanley, "Connectivity: A primer in phase tran:itions and ¢ritical
phenomena for students of particle physics" In Proc NATO Advanced Study

. Ingtitute on Structural Elements in Statistical Mechanics and Particle
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108.

*109

%110

Physics (eds K. Fredenhagen and J. Honerkamp), Plenum Press, New York,
1982. '

H. E. Stanley, "Renormalization group approach to polymer physics"
Progress in Physics 30, 95-156 (1982) [a 60-page article based on a
33-hour lecture ccurse Translated into Chinese by X. Huang, J. Lee, and
Z. Lin of Peking University)

H. E. Stanley, S. Redner and Zhan—-Ru Yang, "Site and bond directed
branched polymers for arbitrary dimensionality: Evidence supporting a
relation with the Lee-Yang edge singularity” J. Phys. A 15, L569-L575
(1982). :

H. E. Stanley, P. J. Reynolds, S. Redner and F. Family, "Position—space
renormalization group for models of linear polymers, branched polymers,
and gels" In Real-Space Renormalization (eds T. W. Burkhardt and J. M.

*J. van Leeuwen), Springer-Verlag, Heidelberg, 1982, pp. 171-208.

111,
112.

113.

*114

*115

116.

117.

118.
*119
*120

*121

D. Stauffer, "Recent advances in simulation of magnetic systems" Proc.
Conf. on Magnetism and Magnetic Materials J. Appl. Phys. 33, 7980 (1982).

D. Stauffer, A. Coniglio and M. Adam, "Gelation and critical phenomena"
Advances in Polymer Science 44, 103-158 (1982)

D, Stauffer, A. Coniglio and D. W. Heermann, "Monte Carlo experiment for
nucleation rate in tnree-dimensional Ising model" Phys. Rev. Lett. 49,
1299-1302 (1982).

G. Tuthill and W. Klein, "General position—space renormalization group
for correlated percolation” J. Phys. A 15, L377-L384 (1982).

F. Y. Wu and H. E. Stanley, "Domany-Kinzel model of directed
percolation: formulation as a random walk problem and some exact
results” Phys. Rev. Lett. 48, 775-778 (1982).

F. Y. Wu and H. E. Stanley, "Universality of Potts models with two— and
three-site interactions" Phys. Rev. B 26, 6326-6330 (1982).

PAPERS PUBLISHED IN 1983

A. Coniglio, "Potts model formulation of branched polymers in a solvent”
J. Phys. A Lett. 16, L187-L191 (1983).

A. Coniglio, "Sol-gel transition" Helvetica Physica Acta 56, 721-732
(1983) [based on invited talk at the 1983 MEETING OF THE EUROPEAN
PHYSICAL SOCIETY, Lausanne, March 1983].

A. Coniglio, '"Percolation effects and disorder' in Proceedings of Erice
School on Ferromagnitic Transitions, eds. M. Auslcos and R, J. Elliott
(Springer~Verlag, Berlin, 1983).

A, Coniglio, "Droplet theory of phase transition and metastability"
Proceedings of Yarenna School on HIGHLIGHTS OF CONDENSED MATTER PHYSICS
(July 1983), pp. 912ff, based on invited talk. -

A. Coniglio and R. Figari, "Droplet structure in Ising and Potts model"”
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122.
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*124

*125

126.

127.

*128

*129

130.

131,

*132

*133

134.

135.

136.

J. Phys. A Lett. 16, L535-L540 (1983).

Z. V. Djordjevic, I. Majid, H. E. Stanlay and R. J. dos Santos,
"Correction-to—scaling exponents and atplxtudes for the correlation
length of linear polymers in two Gidersions” J. Phys. A Lett. 16,
L519-L524 (1983).

F. Family, C. Unger and H. Gouald, "Branching and vulcanization of polymer
chains" J. Phys. A 16, L665-L668 (1983).

E. T. Gawlinski and S. Redner, "Monte-Carlo renormalization group for
continuum percolation with excluded-volume interactions” IJ. Phys. A 16,
1063-1071 (1983).

BE. Gould, F. Family and H. E. Stanley, "Kinetics of formation of randomly
branched aggregates' Phys. Rov. Lett. 30, 685-689 (1983).

M. K. Gupta and R. Bansil, "Raman :poctrosco;xc and thermal studies of
polyacrylamide gels with varying -ononer/co-nono-er ratios" J. Polymer
Sci.: Polymer Lett. 21, 969-977 (1983). ‘

: I

M. K. Gupta and R, Bansil, Differential scanning calorimetry of
acrylamide-bisacrylamide copoiymer gels' in PROCEEDING OF NORTH AMERICAN
THERMAL ANALYSIS SOCIETY 12TH ANNUAL HEETINd (Symposium on multiphase
polymers and composites), Sept. 1983, in press.

D. W. Heermann and W. Klein, "Percolstion and drogists in a medium—range
three~dimensional Ising wmodel™ Phys. Rev. B 27, 1732-1735 (1983). :

D. W. Heermann and W. Klein, "Nucleation and growth of non—classical
droplets” Phys. Rev. Lett. 50, 1062-1065 (1983).

H. J. Herrmann, D. Stauffer and D. P. LandaJ "Computer simulation of a
model for irreversible gelation" J. Phys. A 16, 1221-1239 (1983).
g |

\
H. J. Herrmann, F. Family and H. E. Stanley,| "Position—space
renormalization group for directed branched polyuors" J. Phys. A Lett.
16, L375-L379 (1983). :
!
D. C. Hong and H. E. Stanley, "Exact enumeration approach to fractal
properties of the percolation backbone and ‘1/(sxgna) expansion’ J.
Phys. A 16, L475-1481 (1983). |

i
D. C. Hong and H. E. Stanley, "Cumulant fen%rnalizntion group and its
application to the incipient infinite cluster in percolation’" J. Phys. A
16, L525-L530 (1983).

N. Jan and L. L. Moseley, "The weight function and optimal
transformations” J. Phys. A 16, 2281-2291 (1983).

N. Jan and M. O. Steinitz, "Comparison of different boundary conditions
for Monte Cario simulations of stng models' J. Stat. Phys. 10, 37-44
(1983). 5
N. Jan, L. L. Moseley and D. Stauffer, '"Dynamic Monte Carlo
renormalization group”" J. Stat. Phys. 33, 1-11 (1983),
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*137

138.
139.
140,
141,

*142
*143
144,
145,
*146
147,
*148
%149

*150
151,

152.

*153

J. Kerte'sz, D. Stauffer and A. Coniglio, "Clusters for random and
interacting percolation"” Ann. Israel Phys. Soc. (Adler, Deutscher and
Zallen, eds), p. 121-148. :

W. Klein, "Renormalizaiion group and linear integral oquatxons Phys.
Rev. B 27, 4475-4478 (1983).

W. Klein and C. Unger, "Pseudospinodals, spinodals and nucleation” Phys.
Rev. B 28, 445-448 (1983).

S. Krishnamurthy and R, Bansil, "Nucleation and growth in a polymer
solution”" Phys. Rev. Lett. 50, 2010-2013 (1983).

S. Krishnamurthy, R. Bansil and J. Wiafe-Akenten, "Low-frequency Raman
spectrum of supercooled water" J. Chem. Phys. 79, 5863-5870 (1983).

F. Leyvraz and H. E. Stanley, "To what class of fractals does the
Alexander-Orbach conjecture apply?" Phys. Rev. Lett. 51, 2048-2051
(1983),

I. Majid, Z. V. Djordjevic’ and H. E. Stanley, "Correlation length
exponent for the O(n) model in two dimensions for n=0" Phys. Rev.
Lett. 51, 143 (1983) [Comments section].

1. Majid, 2. V. Djordjevic' and H. E. Stanley, "Scaling and
correction~to-scaling exponents for the three-dimensional linegr polymer
problem” Phys. Rev. Lett. 51, 1282-1285 (1983).

A. Margolina, 2Z. v. Djordjevic, D. Stauffer and H. E. Stanley,
"Corrections to scaling for branched polymers and gels" Phys. Rev. B 28,
1652-1655 (1983).

P. Meakin and H. E. Stanley, "Spectral dimension for the
diffusion-limited aggregation model of colloid ;rowth" Phys. Rev. Lett.
51, 1457-1460 (1983).

1. Nishio, T. Tanaka; S.~T. Sun, Y. Imanishi and S‘ T. Ohnishi,
"Hemoglobin aggregation in single red blood cells of sxcklc cell anemia"
Science 220, 1173-1175 (1983).

S. Redner, "Percolation and conduction in random res.stor-diode networks'
in Percolation structures and processes (eds G. Deutscher, R. Zallen and
J. Adler), pp. 447-476. :

S. Redner '"Recent progress and puzzles in percolation” from a workshop on
the Physics and Mathematics of Disorderad Media, Univ. of Minnesota, the

Springer Lacturs Notes on Mathematics 184-200 (1983).

S. Redner "Directionality effects in percolation' ibi&., 246-259 (1983).

S. Redner and I. Majid, "Critical properties of directed self-avoiding
walks'" J. Phys. A 16, L307-L310 (1983).

S. Redner and K. Kang, "Asymptotic solution of correlated walks in one
dimension” Phys. Rev, Lett. 51, 1729~1732 (1983).

H. E. Stanley, "Aggregation phenomena: Models, applications and
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154,

*155

*156

157.

*158

*159

*160

*161
162.

*163

164.

165.

*166
*167

168.

calculations" J. Phys. Soc. Jpn. Suppl. 52, 151-163 (1983) [Proc. Int'l
Conf. on New Type of Ordered Phase, Kyot;T. Based on invited talk.’

H. E. Stanley, R. L. Blumberg and A, Geiger, "Gelation models of hydrogen
bond networks in liquid water" Phys. Rev. B 28, 1626-1629 (1983).

H. E. Stanley and A. Coniglio, "Fractal structure of the incipient
infinite cluster in percolation” In Percolation structures and p-ocesses
(eds G. Deutscher, R. Zallen and J. Adler), pp 101-120.

H. E. Stanley, K. Kang, S. Redner and R. L. Blumberg, "Novel
superuniversal behavior of a random walk model” Phys. Rev. Lett. 51,
1223-1226 (1983).

J. Teixeira, H. E. Stanley, Y. Bottinga and P. Richet, "Application of a
percolation model to supercooled liquids with a tetrahedral siructure”
[PROC. MARSEILLES CONF. ON SILICATES], Bull. Miner. 106, 99-105 (1983).

C. Tsallis, A. Coniglio and S. Redner, "Break-collapse method for
resistor networks—-—renormalization group applications” J. Phys. C 16,
4339-4345 (1983).

C. Tsallis and S. Redner, "A new approach to multicriticality in directed
and diode percolation” Phys. Rev. B 28 6603-6606 (1983).

C. Tsallis and R. J. dos Santos, "On the critical point of the
fully—anisotropic quenchad bond~random Potts ferromsgnet in triangular
and honeycomb lattices” J. Phys. A 16, 3601-3610 (1983).

G. Tuthill and W. Klein, "Renormalization group for percolation using
correlation parameters” J. Phys. A. 16, 3561-3570 (1983).

J. Wiafe-Akenten and R. Bansil, "Intermolecular coupling in HOD
solutions” J, Chem. Phys. 78, 7132-7137 (1983).

F. Y. Wu and H. E. Stanley, "Polychromatic Potts model: A new
lattice-statistical problem and some exact results” J. Phys. A 16,
L751-L755 (1983). '

F. Y. Wu and Z. R. Yang, "The Slater model of K(R1-8B898P98 in two

dimensions” J. Phys. C 16, L125-1L129 (1983).

PAPERS PUBLISHED OR SUBMITTED IN 1984

R. Bansil, H. J. Herrmann and D. Stauffer, "Computer simulation of
kinetics of gel formation by addition polymerization in the presence of a
solvent' Macromolecules 17 (1984),

K. Binder, "Nucleation barriers, spinodals and the Ginzburg criterion"
Phys. Rev. A 29, 341-349 (1984).

R. L. Blumberg, H. E. Stanley, A. Geiger, and P. Mausbach, "Connectivity
of hydrogen bonds in liquid water”" J. Chem. Phys. 80, 5230-5241 (1984).

J. L. Cardy, "Conformal invariance ana surface critical behavior" Nuclear
Phys. B 240[FS12], 514-522 (1984). -
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169. J. L. Cardy and S. Redner, "Conformal invariance and self-avoiding walks
in restricted geometries" J. Phys. A 17, 1933 (1984).

170. v. Chukanov, "lIs percolaltionm of reloQance to the superheating of light
and heavv water?" J. Chem. Phys. 83, 1902 (1985).

171. A. Coniglio and H. E. Stanley, "Screening of deeply invaginated clusters
and the critical behavior of the random supercorducting network" Phys.
Rev. Lett. 52, 1068-1072 (1984).

172. Z. V. Djordjevic, S. Havlin, H. E. Stanley and G. H. Weiss, "New method
for growing branched polymers and large percolation clusters below §8"
Phys. Rev. B 30, 478-481 (1984).

173. F. Family and A. Coniglio, "Geometrical arguments against the
Alexander-Orbach conjecture for lattice animals and diffusion lxuxted
aggregates”" .. Phys. A 17, L285-1287 (1984).

*174 F. Family and H. Gould, "Polymer chain statistics and universality:
Crossover from random to self-avoiding walks”" J. Chenm. Phys. 80
3892~ 3897 (1984) .

175. M. E. Fisher, V. Privman and S. Redner, '"Mean-square winding angle of
‘ self-avoiding walks" J. Phys. A 17, L569 (1984).

176. .A. Geiger, P. Mausbach, J. Schnitker, R. L. Blumberg, H. E. Stanley,
"Structure and dynamics of the hydrogen bond network in water by computer
simulations” Proc. International Workshop on "Structure and Dynamics of

. Water and Aqueous Solutions: Anomalies and the vossible implications in
biology" [published in J. de Physique 45, C7([13]-C7(30] (1984)].

177. H. Gould and R. Kohin, "A renormalization group approach for diffusion on
lattice animals and percolation clusters” J. Phys. A Lett. 17, L159
(1984). -

*178 S. Havlin, Z. Djordjevic, I. Majid, H. E. Stanley and G. Weiss, "Relation
between 'dynamic' transport properties and ’'static’' topological structure
for branched polymers" Phys. Rev. Lett. 53, 178-181 (1984).

179. S. Havlin, B. Trus and H. E., Stanley, "Cluster growth model for branched
polymers that are '"chemically linear" Phys. Rev. Lett. 53, 1288-1291
(1984) . .

*180 D. W. Heermann, A. Coniglio, W. Klein and D. Stauffer, "Monte Carlo
simulation of metastable states in 3d Ising models” J. Stat. Phys. 36,
447 (1984).

*131 H. J. Herrmann, D. C. Hong and H. E., Stanley, "Backbone and elastic
backbone of percolation clusters obtained by the new method of 'burning
J. Phys. A Lett. '7, L261-L266 (1984).

11

182. H. J. Herrmann and H. E. Stanley, "Building blocks of percolation
clusters: Volatile fractals" Phys. Rev. Lett. 53, 1121-1124 (1984).

183. D. C. Hong, '"Random walks on hie}archical lattices at the percolation
threshold" J. Phys. A 17, L929-932 (1984). '
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186.
%187
*188
*189
*190
191.

192.

193.

194.

195.

196.

197.

*198

199.

"Alexander—~Orbach conjecture for percolation: Exact enumeration of random

D. C. Hong, S. Havlin, H. J. Herrmann-and H. E. Stanley, "Breakdown of
walks on percolation backbonesf Phys. Rev. B 30, 4083-4086 (1984).

D. C. Hong, N. Jan, H. E. Stanley, T. Lookman and D. A. Pink, "Fractal
dimensionality for kinetic gelation with conserved initiators' J. Phys. A
17, L1433 (1984).

D. C. Hong, H. E. Stanley and N. Jan, "Commenf on 'Self-similarity in
irreversible kinetic gelation'" Phys. Rev. Lett. 53, 509 (1984).

K. Kang, P. Meakin, J. H. Oh and S. Redner, "Universal behavior of N-body
processes'" J. Phys. A 17, L665 (1984). '

K. Rang and S. Redner, "Novel behavior of biased correlated walks in'onq
dimension" J. Chem. Phys. 80, 2752-2755 (1984).

K. Kang and S. Redner, "Scaling approach for the kinetics of
recombination procesaes" Phys. Rev. Lett. 52, 955-958 (1984).

K. Kang and S. Redner, "Fluctuation effects in Smoluchowski reaction
kinetics" Phys. Rev. A 30, 2833 (1984).

L. Lam, A. Bunde and A. Theophilou, "Inequalities for liquids in a
periodic potential’ J. Phys. A 17 3107 (1984).

T. Lookman, R. Pandey, N. Jan, D. Stauffer, L. L. Moseley and H. E.
Stanley, "Real-space renormalization group for kinetic gelation" Phys.
Rev. B 29, 2805-2807 (1534).

I. Majid, D. Ben-Avraham, S. Havlin and H. E. Stanley, "Exact enumeration
approach to random walks on percolation clusters in two dimensions' Phys.
Rev. B 30, 1626-1628 (1984).

I. Majid, N. Jan, A. Coniglio and H., E. Stanley, "The kinetic growth
walk: A new model for linear polymers”" Phys. Rev., Latt. 52, 1257-1260
(1984) .

A. Margolina, H. Nakanishi, D. Stauffer and H. E. Stanley, '"Monte Carlo
and series study of corrections to scaling in two-dimensional
percolation” J. Phys. A 17, 1683 (1984).

A. Margolina and H. J. Herrmann, "On finite-size scaling of the order
parameter in percolation” Phys. Lett. 104A, 295-298 (1984).

P. Maushach, J. Schnitker, A. Geiger and H. E. Stanley, "Molecular
dynamics simulation study of aggregation phenomena in supercooled water"
in Proc. 14th International Symposium of Rarefied Gas Dynamics, Tsukuba
Science City, Japan [published in Rarefied Gas Dynamics, H. Oguchi, Ed.,
Univ. Tokyo Press, 1984, pp. 809-816].

P. Meakin and H. E. Stanley, "Novel dimension-independent behavior for
diffusive annihilation on percolation fractals” J. Phys. A 17, L173-L178
(1984) . ‘

P. Meakin, I. Majid, S. Havlin and H. E. Stanley, "Topological properties
of diffusion-limited aggregation and cluster-cluster aggregation" J.
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Phys. A 17, 1L975-1981 (1984).

200. M. Mezei and R. J. Speedy, "Pentagon—pentagon correlations in water'" I.
Phys. Chem. 88, xxx (1984).

201. M. Mezei and R. J. Speedy, "Simulation studies of the dihedral angle in
water" J. Phys. Chem. 88, 3180-3182 (1984).

*202 S. Redner and L. De Arcangelis, "Asymptotic properties of spiral
self-avoiding walks" J. Phys. A 17, L203-1L208 (1984).

203. S. Redner and K. Kang, "Kinetics of the 'scavenger' reaction"” J. Phys. A
17, L451-L455 (1984).

204. S. Redner and K. Kang, "Unimolecular reaction kinetics" Phys. Rev. A 30,
3362-3365 (1984).

*205 H. E. Stanley, "Application of fractal concepls to polymer statistics and
to anomalous transport in randomly porous media”" N.B.S. CONFERENCE ON
FRACTALS (invited talk), to appear in J. Stat. Phys. 36, 843 (1984).

*206 H. E. Stanley, "Fractal concepts in aggregation and gelation: An
introduction’ PROC. INTERNATIONAL CONF. ON THE KINETICS OF AGGREGATION
AND GELATION (F. Family and D. P. Landau, eds), North-Holland, Amsterdam,
1984) . page 1. ‘
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